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ABSTRACT
Parboiled rice was modified using two cross-linking reagents acetaldehyde under acidic conditions and sodium trimetaphosphate
(SIM*) under alkaline conditions.

These modified rice sauries

were analyzed for percent solids loss, percent protein, thiamine,
riboflavin and macro-mineral contents.

The purpose of the study

was to determine which of the two cross-linking procedures was less
detrimental to nutrient retention.
Data indicated that acetaldehyde modification was superior
to SIM* modification regarding nutrient retention.

After cooking

and canning, acetaldehyde-modified rice contained 6.7 and 6.8%
protein respectively, compared to 6.1 and 5.7% protein for STMPmodified rice.
Using the acidic method, thiamine content was 7 times greater
after cooking or canning in comparison to the alkaline method for
cross-linking rice starch.

The acetaldehyde-modified rice also

contained 1.6 times greater riboflavin levels than S T M >-modified
rice.
After cooking, macro-mineral content in acetaldehyde-modified
rice was greater than in SIMP-modified rice with the exception of
potassium . After canning, the macro-mineral content in acetaldehydc-modified rice continued to be greater than in STMP-modified
rice with the exception of magnesium and iron.

v

After cooking, macro-mineral content in acetaldehyde-modified
rice was greater than in SIMP-modified rice with the exception of
potassium.

After canning, the macro-mineral content in acetalde

hyde-modified rice continued to be greater than in SIMP-modified
rice with the exception of magnesium and iron.

INTRODUCTION

Rice is one of the leading food crops of the world, and is
produced in all continents.

It is a staple of the diets of a great

percentage of the population of the world.

Since rice is consumed

in many diets, the producers of rice have attempted to bring a
variety of rice products to the public.

Rice is utilized with many

recipes such as gumbo, soups, jambalaya and with main dishes which
serve the rice with gravy.
For many years overcooking and grain cohesiveness have been
problems confronting the housewife and rice manufacturers.

These

problems were partially solved when the parboiling process was dis
covered.

However, canning of rice continues to produce an unaccept

able product which tends to have heavy starch leaching and matting
at the bottom of the can caused by the prolonged heat treatment
under high pressure.
Another problem that surfaces when dealing with rice and its
products is enrichment.

Enrichment of milled white rice or par

boiled rice presents problems quite different from that encountered
in the addition of powdered nutrient mixtures of cereal flours and
meals.

Fortifying with powdered mixtures is possible, but this

necessitates labeling instructions to the user not to wash the rice
before or drain it after cooking in order to prevent the loss of
vitamins.

However, even if these directions are followed, rice is
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often cooked in several times as much water as it can absorb during
cooking; and the excess liquid or gruel is discarded.

Since most

of the enrichment nutrients are water soluble, this method of cook
ing will cause major loss of the vitamins and minerals.
Regarding enrichment of a canned product, the vitamins and
minerals that might migrate from the rice to the canning liquor
would still be consumed since most canned soups, gumbos and other
such products are eaten in total.

However, in a semi-liquid media,

such as soups and gumbos, the consumer and the processor expect a
canner's quality rice to have grains that are separated, non-cohe
sive, and have a minimum amount of longitudinal splitting and
fraying at the edges and ends (8).

The canning liquor should be

free of leached starch that results in a cloudy appearance of the
liquid media.
As a result of these quality demands, workers (38) at the De
partment of Food Science at Louisiana State University developed
a procedure for the processing of parboiled rice which had these
desired characteristics.

The procedure consisted of cross-linking

the starch molecules in a rice grain under alkaline conditions to
improve the canning stability of the grain.

The cooked product

obtained after retorting at 240°F for 60 minutes was well separated,
non-cohesive and had very little longitudinal splitting and fray
ing.

While this process produced an acceptable product, the neu

tralization step necessary to return the original white appearance
to the rice grain was too long in terms of high volume manufacturing.

3

Consequently, other workers (40) in the same department developed
another process which consisted of cross-linking the starch mole
cules in a rice grain under acidic conditions.

This process also

produced a highly acceptable product after retorting at 240°F for
60 minutes.
Though these processes gave similar results with regard to
appearance and solids loss, a study on the effects of cross-linking
on the nutritional properties of canned rice had not been examined.
Therefore, the purpose of this investigation was to evaluate which
of these two processes has the least detrimental effect on nutrient
retention.

REVIEW OF LITERATURE
Characteristics of Rice
The principal chemical constituent of rice is starch.
dry basis, white milled rice contains between 84-94% starch.

On a
There

fore, anything that produces discernible changes in starch will
also produce related changes in the rice grain.

Similarly, dif

ferences in the chemical and physical behavior of rice that innately
pertains to the different types of starch present will be reflected
in the rice itself as their proportions differ from variety to va
riety.

Starch granules are composed of highly polymeric carbohydrate

molecules.
pectin.

The two basic polymers in starch are: amylose and amylo-

The amylose being a straight chain molecule composed of

glucose molecules bound by 1, 4-glycosidic linkages.

The amylopec-

tin is composed of these same straight chain polymers, but with the
regularity of the chain interrupted by frequent branching (22).
Rice varieties are classified as short, medium, and long grain,
depending on the length and shape of the grain.
varieties tend to be very sticky when cooked.

The short grain

Medium grain rices

are less sticky, while the long grain varieties appear separated
and flaky upon cooking.

New varieties are constantly being de

veloped and tested in agricultural experiment stations.

An impor

tant function of these stations is the work involved in cross
breeding the best domestic hybrids with promising foreign types in
an attempt to obtain higher yields, earlier maturation, better

4
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milling qualities, disease resistance, and inproved cooking quali
ties.

Composition of Rice and the Effects of Milling
Rice is comparatively high in caloric value, N-free extract,
and niacin, and is comparatively low in protein, although rice pro
tein has a fairly good balance of the essential amino acids.

Brown

rice is comparatively low in thiamine and riboflavin.
The composition of rice is influenced by variety and environ
ment.

In a study of eight varieties it was found that for the

endosperm, ash content ranged from 0.45 to 0.5%; nitrogen, from 1.21
to 1.36%; lipids, from 0.41 to 0.61%; and starch, from 89.6 to
90% (5).
The composition of brown, milled raw, and milled parboiled rice
is shown in the following Table.

Table 1
Composition of brown, milled, and parboiled rice

Component

Brown

Calories/lOOg
Protein %
N-free extract %
Fat %
Thiamine, mg/lOOg
Riboflavin mg/lOOg
Niacin mg/lOOg

360
7.5
77.4
1.9
0.34
0.05
4.7

Milled raw

363
6.7
80.4
0.4
0.07
0.03
1.6

Milled parboiled

369
7.4
81.3
0.3
0.44
■ • • •

3.5

The principal difference between brown rice and milled raw rice

6

is that the protein, fiber, thiamine, and niacin are higher in brown
rice.

Parboiled milled rice is similar to brown rice in protein,

thiamine, and niacin content (18).
Among cereals, rice has a comparatively high content of essen
tial amino acids and fairly low content of glutamic acid and some
other nonessential amino acids.

The nutritional level of rice is

comparatively high among cereals and other grain and root crops.
Polished rice contains from 5.5 - 11.9% protein on the moisture-free
(dry weight) basis.

This included salt-soluble, alkali-soluble, and

alcohol-soluble fractions.

From the polished rice 4.16% glutelin,

0.07 - 0.09% globulin, and about 0.12% prolamine have been isolated.
Since pure rice protein contains an average of 16.8% nitrogen, a
factor of 5.95 has been recommended for converting the nitrogen of
rice to protein*
Solubility fractionation of the proteins of milled rice, bran,
and rice polish of high and low-protein samples of three varieties
indicated that glutelin was the predominant fraction in the whole grain,
in the milled product, and in the rice polish.

Albumin and globulin

were the major proteins of the bran and were concentrated in the bran
and polish, whereas prolamin was rather evenly distributed in all
three fractions.

Differences in the total protein content of the

whole grain were due mainly to differences in glutelin content.

In

creases in the lysine content of milled rice associated with increases
in total protein of eight varieties were less than those of other
amino acids.

This relation between lysine and protein is consistent
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with the observed increase in the quantity of prolamin as total
protein increases, since prolamin has the lowest lysine content of
the four rice-protein fractions.
The assessment of extraction of protein from milled rice by
18 solvents indicated that alkaline solvents, especially sodium
hydroxide, were better extractants than acidic ones.

Ihe amount

of residual protein of rice flour decreased to only 3% of the total
protein with a single extraction with dilute alkali (7).
The amino acid content of different varieties of rice varies
considerably.

Polished rice has been found to contain 0.073% cys

tine, 0,066% tryptophan, 0.28% lysine, 0.251% arginine and 0.059%
histidine.

Of these amino acids cystine is nutritionally essential

only when methionine is present at too low a level, and arginine
can be partly synthesized by the body.
essential.

The others are nutritionally

The amino acid content compares favorably with that of

c o m , wheat, and casein.
Most of the vitamins present in rice are located in the bran
which is removed in the process of milling.

In the milling of brown

to polished rice 40-80% of the thiamine, 50-56% of the riboflavin,
and 63% of the niacin are lost.

The thiamine and riboflavin content

differs among varieties and to a slight extent with location of
growth (25).
The embryo end of the rice kernel seems richer in the vitamin
complex than the endosperm end of the kernel.

It has been determined

that 66% of the thiamine is in the germ, 29% in the pericarp, and
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5% in the endosperm of the rice.

In milling, the average loss of

thiamine for raw undermilled rice is 34%; milled rice is 70%; and
highly milled rice is 87% (34).
The distribution of thiamine and riboflavin in rice grains has
been studied by the photographic method.

The results have shown that

the maximum concentration of both thiamine and riboflavin occurs in
the germ or embryo; but, whereas thiamine is largely concentrated
in the scutellum and the adjacent cells of the endosperm, riboflavin
appears to be more uniformly distributed throughout the tissues of
the embryo (44),
Williams et al (46) , with reference to the influence of variety
and milling, concluded that no significant differences in the
vitamin content of the different varieties were demonstrated.

How

ever, with regard to the effect of milling, the vitamin content was
found to decrease as the rice progressed through the successive states
of milling.

The greatest drop in vitamin content came with the first

milling break.
Kik et al (25), determined an average riboflavin content of
milled rice to be 0.26 ug/gm.

While thiamine content of milled rice

was determined to be 0.8 ug/gm., other Vitamin 8 complex quantities
in milled rice for human consumption have been determined as fol
lows:

Niacin, 12.7 ug/gm; pantothenic acid, 6.4 ug/gm; and pyri-

doxine (Vitamin B^), 4.5 ug/gm.
Present knowledge on the distribution of mineral constituents
within the milled-rice kernel is fragmentary.

Only data for total
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ash, iron, calcium, and phosphorus have been reported.

A common

feature for both ash and individual minerals is the remarkably
sharp decrease of concentration within the outermost layer, repre
senting only 5 to 10% by weight of the milled kernel (15).

Table 2
Mineral Composition of Rice (15)

Constituent

Ash
Calcium
Iron
Phosphorus

unit

Outer
layer

Nucleus

Entire
Kernel

%
%
%
%

6.10
0.359
0.028
1.022

0.45
0.007

0.72
0.023
0.001
0.140

«•

0.099

In general, nutrients are destroyed when foods are processed
largely because they are sensitive to the pH of the solvent, to
oxygen, light and heat, or combinations of these.

Trace elements

may catalyze these destructive effects.
Niacin amide is partially hydrolyzed by acid and alkali, yet
the resulting niacin has the same biological activity.

Niacin is

generally stable to air, light, heat, acids, and alkalies.

Ribo

flavin is very sensitive to light, and the rate of destruction in
creases as the pH and temperature increase.
if in dry form or in an acid medium.

It is stable to heat

Thiamine suffers no destruc

tion when boiled in acid for several hours, yet the loss approaches
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100% when boiled at pH 9 for 20 minutes.

It is unstable in air,

especially at higher pH values, and is destroyed by autoclaving,
sulfites, and alkalies (31).
Amino acids racemize in alkaline solutions, and the biological
value of some is reduced as a result.

Arginine, cystine, threonine,

and cysteine are partially destroyed, whereas glutamine and aspara
gine are deaminized by alkalies.

In acid solution, tryptophan is

rather readily destroyed, cysteine is partly converted to cystine,
serine and threonine are partly destroyed.

Phenylalanine and

threonine are partially destroyed by ultraviolet light.

All amino

acids in foods, and especially lysine, threonine, and methionine,
are sensitive to treatment with dry heat.
Mineral salts are not significantly affected by these chemical
and physical treatments.

Some may be oxidized to higher valences

by exposure to oxygen, but there is no convincing evidence that
their nutritional value is affected.

Depletion by leaching from

the food is the major cause of mineral losses and leaching is gen
erally enhanced by the higher temperature treatments (15).
Parboiling and Its Effect
For centuries it has been the practice in India to steep rice
in water, steam it, and dry it in the sun before milling it.
process is called parboiling.

This

"Converted" rice is made by a modi

fied process in which vacuum and pressure are used.
20% of the world1s rice crop is parboiled.

Approximately

Parboiling of rice on

an industrial scale is a highly developed food processing operation.
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The well recognized patented methods of parboiling include the
Avorio Process and Critallo Process in Italy, the Malek Process and
"Converted" Process in the United States, and the Fernandez Process
in Surinam.

The "Converted" Process consists of the following steps:

1.

Rough rice is subjected to a high vacuum to pull air from
the hulls and from deep in the microscopic pores of the
rice grains.

2.

Without releasing the vacuum, hot water is run into the
tank, then maintained at high pressure to dissolve water*
soluble B-vitamins and other whole grain constituents from
the bran, hull, and germ, and force than into the grain
itself.

3.

The tank is drained and the rough rice is subjected to live
steam. Vacuum is applied again which partly dries the
wet rice.

4.

Further drying is accomplished by use of conventional dry
ing apparatus. After 8 hours
in
tempering bins all the
rice reaches the same dryness
of
approximately12-13 per
cent moisture content.

5.

Parboiled rice is milled in the conventional manner.

Parboiling treatments increase the vitamin content of the
polished rice.

The thiamine content is increased from 0.4 to 0.8

ug/g (for unprocessed polished rice) to 1.5 to 3.1 ug/g for pro
cessed rice.

Riboflavin content is increased from 0.15 to 0.32 ug/g

to about 0.29 to 0.52 ug/g.

Niacin content is increased from 15 to

24 ug/g to about 31 to 60 ug/g
The

(18).

colored substances in the hull and bran layers impart a

yellowish color to polished parboiled grains; polished "converted"
grains are somewhat lighter in color.

Roberts et al (38), suggested

that the color in parboiled rice may be the results, in part, of a
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browning reaction.
Gelatinization of the grains occurs during the cooking step in
parboiling.

This gelatinization of the stardi in the outer layers

of the endosperm helps to hold the nutrients inside and to strengthen
the kernel.

Subsequent restoration of the rice grain to its normal

state by drying, cements the interior fissures of fractures, unifies
the grain, and leads to the disappearance of the interior white zones
and natural deformities of the grain.

The result of these structur

al modifications is a grain of better consistency, greater hardness,
and better vitreousness.

Parboiling results in a more uniform cook

ing quality, exhibiting less solids loss to the cooking water and
less cohesiveness or gelatinous character of the cooked grain (16).
Simpson (44) studied the distribution of thiamine and ribo
flavin in rice grains using a photographic method and determined that
considerable diffusion from the scutellum and pericarp tissues into
the endosperm took place.

However, the diffusion

of the vitamins

never penetrated deeply into the endosperm, explaining why the vita
min loss in milled parboiled rice was so great in the first break.
Roberts et al (38) showed that most of the color developed in
the endosperm during parboil processing was a result of absorption
of reducing sugars from the bran layer and embryo during steeping,
followed by a reaction with amino acids to produce browning.

An

increase in the severity of heat treatment during the parboiling
process increased the degree of expansion of the dry milled rice
grain and caused an increase in the soluble starch content of the
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product.
Rao et al (34) determined that parboiling destroys a part of the
total thiamine content of paddy while protecting the remaining vita
min from milling loss.

Soaking does not lead to loss, but much

thiamine is leached out if paddy splits during soaking; soaking at
high pH also produces loss of the vitamin.

At present little re

search on the mineral constituents within parboiled rice has been
done.
Parboiled rice, unlike white rice, does not completely disinte
grate or lose its grain identity when submitted to canning process
times and temperatures in semi-liquid media such as soups (28).

Canning and Its Effects
Attempts to successfully can rice have always been very much
discouraging due to the highly cohesive nature of the cooked grain.
It was found that the presence of excess liquid in the can before
retorting was primarily responsible for the stickiness and clumping
effects.

Hence dry pack canning has received more attention than

the wet pack process.

Roberts et al (39) developed a method for

canning cooked rice which involved soaking raw rice in water at a
temperature below the gelatinization point allowing the moisture to
penetrate to the centers of the grains so that when the soaked rice
was cooked in boiling water, gelatinization was obtained at the
centers of the grains with a minimum of over-cooking at the surface.
Accordingly, fewer cells were ruptured and starch losses were mini-
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mi zed.

It was considered critical to restrict the cooking opera-

tion so that the grains contained not more than 45 to 60% moisture,
preferably 55.

Since the product was not considered edible at this

moisture level, it was prepared for consumption, after removal from
the can, by heating the rice in boiling water to
moisture level.

increase its

Even with this method, however, an undesirable

degree of cohesiveness remained and theproduct required heating in
water and draining to prepare it for consumption.
Another process, generally similar to the above in that soaking
and cooking steps were involved, required an additional step of
freezing the canned rice after retorting.
to cause retrogradation of starch.

The freezing was believed

However, this process is costly,

and the results are not uniformly dependable since the rates of
freezing and thawing have an important bearing on the degree of
starch retrogradation obtained.
Kiester (24) reported that parboiled rice, unlike white rice, did
not disintegrate when subjected to canning process times and temper
atures in the presence of limited moisture.

However, the optimum

parboiling conditions for different varieties of rice for canned
products were not clearly defined.

Jones (21) indicated that a

severe steam treatment of 10 minutes or longer at 15 psig gave the
best results.
Hagberg (14) discussed the requirements for maintaining proper
canning stability of rice in condensed soups.

Because of the con

densed nature of the surrounding medium, the availability of water
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would be less for the rice grain to be overcooked.

Hie main empha

sis was cm the selection of Tice varieties and the extent of
parboiling treatment.
Demont and B u m s (9) studied the effects of parboiling steam time,
pH, calcium lactate concentration, and blanch time on the quality of
canned rice in excess liquid.

There were definite varietal differ

ences in suitability to this product.

Hirbidity response to par

boiling treatment was both linear and quadratic.

Turbidity decrease

varied directly with increased parboiling times, but the increase in
quality was proportionately less at longer treatments.

Color re

sponse to parboiling treatment showed a positive linear effect.
Longer steam time produced a darker color.

Texture of canned rice

improved rapidly with increased parboiling time, but firmness was
enhanced less proportionately by time beyond 10 minutes.

Complete

gelatinization of starches probably occurred between 5 and 10 minutes
after steaming.

Low and high pH increased turbidity over more moderate

hydrogen ion activities, with acid and base hydrolysis occurring at
the extremes.
neutral pH.

Color and texture appeared to be the optimum at
Blanching alleviated clumping and cohesion problems by

removing leachable solids and by lowering the density of the rice
grain.
Webb and Adair (45) introduced the percentage solids loss on dry
basis as the main criterion for canning stability of rice.

In

evaluating the canning stability of different varieties, they found
Jojutla, with only 9% solids loss, to be the best variety.

While
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the Bluebelle, Dawn, Bluebonnet, and Toro varieties were reported to
have percentage solid losses of 17, 19, 21, and 331 respectively.
The problems encountered in the canning of rice have been due to
the behavior of the starch when exposed to heat in a liquid media.
The starch granules of rice are 2 to 7 microns in diameter, with the
intermolecular hydrogen bonds responsible for their integrity.

While

insoluble in cold water, rice starch granules will undergo a limited
amount of swelling when exposed to water.

When heated in water, a

point is reached where the hydrogen bonds holding the granules to
gether are weakened and an irreversible swelling occurs.

The intro

duction of chemical bonds into the rice grain by cross-linking across
these hydrogen bonds greatly increases the stability of the starch
granule.
The effect of canning on rice nutrients such as protein, vitamins,
and mineral has not been reported to any great extent.

However, the

effects of canning on thesenutrients have been reported on other cereal
grains and suggest that the rice nutrients are affected.

It has been

reported that excessive heat treatment of proteins would change the
structure of these proteinsin such manner that some of the amino acids,
especially lysine, aspartic acid, and glutamic acid, became bound by
a linkage which is resistant to an enzymatic action.

The amino acids

are not actually destroyed, since they can be released by acid hydroly
sis.

In some instances, the enzymatic release of certain amino acids,

especially methionine, can be retarded and, since the essential amino
acids need to be liberated from the protein at approximately the same
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time foT their effective incorporation into metabolic pathways, this
retardation could lead to a decrease in the nutritive value of heated
proteins.

It has also been pointed out that proteins may be extracted

from cereal grains at high temperatures, especially at high pH values.
The canning process also reduces vitamin content in foods.

The

water soluble vitamins are leached out by the increased molecular
movement within the food.

Thiamine is highly soluble in water, while

riboflavin is very slightly soluble.

However, under conditions of

high temperatures both of these vitamins are lost in the canning
fluid.

Another factor, other than solubility, is the decreased sta

bility of the water soluble vitamin when exposed to high temperatures
such as canning (15).

Cameron et al (8) reported that the stability

of water soluble vitamins, thiamine, and riboflavin was decreased as
canning time and temperature increased.
The nutritional studies on mineral content of canned rice are
fragmented.

The mineral assays on rice products, however, do show

that they vary according to location and type of rice under investi
gation.

It is also possible for the percentage of total mineral

matter in grain, as measured by the ash content, to increase because
of the loss of other constituents.

The availability of the element

phosphorus, nutritionally important to animals and man, appears to
decrease after processed but increases during storage.

This has been

attributed to the phosphorus in the grain being in the form of phytin,
a calcium-magnesium salt of inositol phosphoric acid.

In this form the

phosphorus is insoluble, but as time proceeds the phosphorus compound
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breaks down and the water soluble phosphorus is liberated (18).
In general, most of the reports on the effect of theimal processing
innutrients only contain information on the content of a specific nu
trient after the thermal process and gives the percentage retention or
loss of the nutrient.

In light of the fact that there are numerous

processing methods and time/temperature (high-temperature short-time)
possibilities for accomplishing commercial sterilization, it is not
appropriate to assume that the nutrient losses reported in the litera
ture represent the average or norm for the industry.

Cross-Linking and Its Effects
Canning of rice has always been a problem because prolonged heat
treatment under high pressure makes the kernel tend to become over
cooked.

The consumer expects rice canned in semiliquid media, such

as soups, to be well separated, noncohesive, and intact displaying a
minimum of longitudinal splitting and fraying of edges and ends.

Hie

canning liquid should be clear and devoid of excessive starch.
Prior to the development of commercial parboiling in the 1940's
the texture of canned rice in semi-liquid media such as soups was
largely unacceptable.

Parboiling certain varieties of rice, such as

Bluebelle and Belle Patna, has enabled canners to produce commercially
acceptable products only when processing conditions are not too se
vere, as is the case with agitated retorts owing to improved heat
transfer.

According to Webb and Adair (45) these varieties show a

solids loss of 17 to 181 after canning.

Conventional retorting equip

ment can be used if the rice is canned in a limited-moisture media.
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However, in many cases it would be desirable to use rice in a number
of products processed with conventional equipment but having too high
a moisture content to ensure the stability of the rice kernel.
Recently, Rutledge et al (42) reported that cross-linking the
starch in rice resulted in improved resistance to thermal degrada
tion during excess-moisture canning.

The rice was found to be less

pasty and cohesive due to reduced starch leaching.

The cross-

linked rice, because of its excellent heat-moisture stability and
superior organoleptic properties, has a high potential for conraercial incorporation in heat-processed formulations.
Cross-linked starched first came into prominence after World
War II, when tapioca and other root starches were in short supply.
Available unmodified starches were too stringy, cohesive, and broke
down too rapidly under shear to be commercially feasible in many
food uses.

These defects are remedied by introducing a small num

ber of cross-links into the intact starch granule (19).
Maxwell (29) may have been the first person to purposely apply
a cross-linking reaction to starch although Classen in 1898 had
reported that treatment with formaldehyde could produce non-swelling
starches.

Felton and Schopmeyer (10) were first to use one of the

m o d e m cross-linking reagents, phosphorus oxychloride.
Cross-linking modifications are used to overcome the extreme
sensitivity of swollen starch granules to handling and processing
conditions, and to provide modified starches which can be used at
much lower concentrations than native starches for thickening foods.
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Hie basic idea behind making cross-linked food starches is to en
hance the strength of the swollen granules so they will be more
resistant to rupture without reducing their caloric value and di
gestibility.

This is accomplished by treating starch in the

granular state with very small amounts of di or polyfunctional agents
capable of reacting with hydroxyl groups on two or more different
molecules within the granule.

By this technique, the hydrogen bonds,

responsible for holding the granule intact, are re-enforced with
chemical bonds.

As a result, when cross-linked starch is cooked in

water at temperatures which weaken or destroy the hydrogen bonds,
the integrity of the swollen granule is still maintained by virtue
of the chemical cross-links.
Reagents such as a mixed anhydride of acetic and adipic acid,
phosphorus oxychloride, metaphosphorates, epichlorohydrin, and
acrolein may be used as cross-linking agents.

Modifications with

these cross-linkers are normally run on aqueous suspensions of
granular starch under conditions conducive to rapid reaction with
out gelatinization of the starch.

That portion of the cross-linking

reagent which does not react may be hydrolyzed under the conditions
of reaction to substances which often are commonly found in foods
end are Terooved by washing.

Since it takes only one cross-link to

double the molecular weight of a starch granule, extremely few are
needed to strengthen starch granules for use in foods.

Often only

one cross-bond for every 250Q anhydroglucose units is sufficient.
This represents about 0.014$ of the starch (48).
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Under alkaline conditions (28) hydrozyl groups of parboiled rice
were cross-linked with 1% phosphorus oxychloride, based on the weight
of the raw rice.

A significant improvement in solids loss, cohesive

ness , and texture of the treated rice over the long-grained parboiled
control was found after canning in excess water.

However, phosphorus

oxychloride proved to be an inefficient reagent because it reacted
with water and sodium hydroxide.

Upon phosphorus analysis only 2$

of the added phosphorus exychloride was present in the canned rice.
Rutledge et al (41) found that white rice could be cross-linked to
the desired extent only by epichlorohydrin whereas parboiled samples
could readily be cross-linked by epichlorohydrin, sodium trimeta
phosphate, and phosphorus oxychloride.

After cross-linking the

starch of parboiled rice with the three mentioned reagents, they
found solids loss in wet pack cans to be 6.10, 5.15, and 8.2% re
spectively.

In addition to less leaching of starchy material in the

cross-linked samples, water uptake was limited so that the texture
and appearance of freshly cooked rice was retained.

Subjective

evaluation with regard to color, cohesiveness, flavor, doneness, and
general appearance showed a preference for the treated rice over the
untreated by a panel of ten judges.
Even with these favorable results, a drawback associated with
cross-linking under these alkaline conditions was the amount of time
required

for the neutralization step.

Neutralization was necessary

to remove the yellow discoloration that occurred when the rice grain
came into contact with the alkali.
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Cross-linking under acidic conditions would eliminate the long
period of time for neutralization, but until recently no one had
investigated its possibilities.

The basis for cross-linking under

acidic conditions involves the use of an aldehyde (generally acetaldehyde) which reacts difunctionally with the rice starch.

The first

reaction involves the establishment of the equilibrium between the
aldehyde and a starch hydroxyl to form a hemiacetal.

The second

reaction, which affects the cross-link, is the formation of the full
acetal.

This reaction is acid catalyzed in which the pH must be

below 4.0.

Kerr and Schink (22) reported the optimum pH for this

reaction to be between pH 1.6 and 2.5*

Scott (43) used three can-

ners* grade parboiled rices and subjected them to a cross-linking
reagent, acetaldehyde, under acidic conditions in an attempt to
enable rice to maintain its integrity when processed at 240°F for
60 minutes in a liquid media.

Scott (43) found that a pH of 1.2 was

too low in that acid modification of the rice starch occurred, result
ing in a product that completely disintegrated upon canning.

The

optimum conditions for rice was produced by processing at pH 2.0 for
60 minutes at 60°C.

Under these conditions the rice maintained its

integrity well, showing very little solids loss as well as little
splitting or fraying on the edges.

MATERIALS AND METHODS

This investigation involved cross-linking rice grains under
acidic conditions versus alkaline conditions and comparing the
nutritional evaluations of the two cross-linking procedures to
determine which of the two would give higher nutritional yields.
Acetaldehyde was employed as the cross-linking reagent under
acidic conditions and sodium trimetaphosphate as the reagent under
alkaline conditions.

These cross-linking reagents were chosen

because they gave the best results in overall canning stability
and acceptance under the two pH conditions.

Rice Samples and Reagents
The rice sample was obtained from Riviana Foods, Inc., Hous
ton, Texas, a commercial parboiler, labeled by them:

Canner-

quality Parboiled Rice, Bluebelle variety.
The acetaldehyde was obtained from Matheson, Coleman and Bell;
Manufacturing Chemists; Norwood, Ohio.
The sodium trimetaphosphate was prepared by heating monosodium
orthophosphate (Na^PO^) to 555°C for 2 hr. as described by Bell

(6).
Cross-linking Procedures
Acetaldehyde cross-linking under acidic conditions involved
the following three steps for inproved canning stability:
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Step 1.

200g of raw parboiled rice was placed in a 1 liter
beaker, 400 ml of distilled water was added and
the pH was immediately adjusted to between 2.3 and
2.5 with 0.1N hydrochloric acid. 16 ml of acetalde
hyde was immediately added and stirred into solution
with a glass stirring rod. This solution was al
lowed to react for 45 min. at 60°C.

Step 2.

The cross-linked rice was then rinsed over a
number 12 mesh screen with distilled water.

Step 3.

Finally, the rinsed cross-linked rice was neutralized
using a 0.1% (by weight) sodium bisulfite solution
for 15 minutes to eliminate the residual acetalde
hyde which might cause an off-color appearance in
the rice. The modified rice was then fluidized
bed dried.

Sodium Trimetaphosphate (SIMP) cross-linking under alkaline
conditions involved the following four steps:
Step 1.

200g of raw parboiled rice was placed in a 1 liter
beaker with 400 ml of 0.1N sodium hydroxide and
0.025 sodium chloride solution. This was allowed
to activate the hydroxyl groups of the starch mole
cule for 45 min. at 60°C.

Step 2.

Next, l.Og (0.5% by weight) SIMP was stirred into
the solution with a glass stirring rod and allowed
to react with the starch molecules for 45 min. at
60°C.

Step 3.

The cross-linked rice was then rinsed over a number
12 mesh screen with distilled water.

Step 4.

The rinsed, cross-linked rice was finally neutral
ized to pH 7.0, using 0.1N hydrochloric acid and
a pH meter and then fluidized bed dried.

Conventional Cooking Procedures
Eight samples each of acetaldehyde-modified rice, SlMP-modified rice, and raw parboiled rice were cooked by placing each of
them in separate 1 liter beakers of boiling distilled water.

After
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the water began to boil again, the samples were timed for 20 minutes
then taken off the hot plate and air cooled.

The cooking water was

discarded.

Canning Procedures
Eight 50-gram samples each of acetaldehyde-modified rice,
STWP-modified rice and raw parboiled rice were placed in 303x407
C-enamel cans.

The cans were then filled with boiling distilled

water and exhausted in an exhaust tunnel for three minutes.

The

cans were retorted at 240°F for 60 min. and rapidly cooled in tap
water.

Evaluation
The rice in each step of the different cross-linking pro
cedures was evaluated as well as the final cooked and canned products
for percent solids loss, percent moisture, percent protein, vitamin
and mineral retention.
Percent Solids Loss - The determination consisted of washing
the rice with distilled water over a number 12 mesh screen to
remove any loose starch that might be adhering to the surface of
the grain.

The rice was then dried in a tared beaker and the percent

solids loss determined after weighing and correcting for percent
moisture.
Percent Moistues - Moisture content was determined by the
A.O.A.C. (1) approved method using a vacuum oven at 100°C for
approximately 5 hours in a vacuum equivalent to 25 mn of Hg.

26

Protein Analysis - Rice protein was determined by the A.O.A.C.
(1) approved Kjeldahl method using a factor of 5.95 to convert per
cent nitrogen to protein.
Vitamin Analysis - Thiamine and riboflavin were determined
according to the revised Clinical-Biochemical Methodologies (28).
The thiochrome-fluorometric assay method measured the thiamine
content and irradiation losses of riboflavin fluorescene determined
the riboflavin content.
Mineral Analysis - The major minerals in parboiled rice calcium, phosphorus, potassiun, magnesium, and iron were analyzed
using a Perkins-Elmer atomic absorption spectrophotometer according
to the AQAC (1) approved method.

RESULTS AND DISCUSSION
Nutrient Retentions
The means for the percent solids loss for the various rice
modifications are presented in Yable 3.

The unmodified parboiled

rice had little solids loss during the soaking and cooking treat
ments; however, the canned product lost its grain identity,
resulting in a 27.7% loss.

Even though the rice was a canner’s

quality parboiled product, this percent solids loss shows why
canned rice products have been a problem for the processor.
Although the acetaldehyde modification showed moderately high
solids loss in the initial cross-linking step, subsequent steps
showed only 0.73% more solids loss from the rice sample.

The

acetaldehyde product also showed good overall heat stability with
only 7.62% solids loss during the retort process.
Steps 1 through 3 of the SIMP treatment had very little starch
loss, probably because of the presence of the sodium chloride which
prevented the grain from swelling and rupturing.

Step 4 showed a

1.9% increase from Step 3 stemming from the neutralization soaking
period with 0.1N hydrochloric acid.
Values shown in Tables 4 through 6 have been adjusted for the
solids loss.

For example, the unmodified canned parboiled rice had

a 27% solids loss.

Since 27% of the original rice weight was lost

during canning, primarily due to starch leaching, the remaining
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Table 3
Effects of Various Treatment Steps on
Mean Percent Solids Loss

Treatment

% Solids Lossa

Standard Deviation

Unmodified
Water soak

3.41

t

.02

Cooked

6.95

*

.10

Canned

27.75

-

1.35

Step 1

3.36

+

.05

Step 2

3.09

!

.01

Step 3

4.09

t

.07

Cooked

4.70

t

.02

Canned

7.62

t

.26

Step 1

0.59

!

.05

Step 2

0.48

!

.03

Step 3

0.41

t

.01

Step 4

2.28

t

.05

Cooked

5.0

t

.07

Acetaldehyde

SIMP

aI
b.

5.20 !
Canned
All values based on dry weight
Standard deviation based on eight samples

28

.00

29

constituents would thus increase on a percentage basis when final dried
weight of the rice was used in calculating percentages.

Therefore,

losses were based on the original dried weight of the sample before
processing.
As seen in Table 4, the raw parboiled rice contained approximately
6.4% protein.

This value remained unchanged after water soaking and

cooking; however, there was a 1% drop in protein value after canning.
The cross-linking steps as well as the cooking and canning
treatments for the acetaldehyde modification showed virtually no dif
ference with regard to protein loss.

Results seen in Table 4 showed

that rice modified using acetaldehyde maintained its integrity even
after processing for 60 minutes at 240°F.

The acidic conditions for

cross-linking rice are favorable regarding protein retentions in that
there was less than 1% reduction in mean protein values.
Cross-linking with SIMP under alkaline conditions showed a
slight protein decrease as the modification steps progressed, re
sulting in a 0.7% protein decrease after completion of Step 4.

After

canning, the rice contained only 5.5% protein, a 14% reduction in
the original protein content.
Adjusted mean values concerning thiamine and riboflavin are
presented in Table 5.

Raw parboiled rice contained 2.2 ug of thia

mine and 0.65 ug of riboflavin per gram of rice.
reduction in the thiamine levels after canning.

There was a 94.5%
This large reduc

tion was due to the instability of the vitamin to heat and in part
due to its high water solubility.

Riboflavin levels showed an 83%

Table 4
Effects of Various Treatment Steps on
Adjusted Mean Protein Values
Treatment

Standard Deviation'-

1 Protein* b

Unmodified
+

.07

Initial parboiled rice

6.43d

Water soak

644

+

.04

Cooked

6.42

+

.02

Canned

5.37

+

.09

Acetaldehyde
Step 1

6.43

Step 2

6.45

Step 3

6.41

Cooked

6.40

Canned

6.36

+
+
+
+

.05
.06
.03
.01

+

.05

+

.02

SIMP

b.
c.
d.

Step 1

6.36

Step 2

6.23

Step 3

6.22

Step 4

5.74

Cooked

5.74

Canned

5.50

+
+
+
+
+

Adjusted for percent solids loss
Standard deviation based on eight sam ples
Canner's quality parboiled rice before any solids loss
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.15
.13
.04
.02
.03

Table 5
Effects of Various Treatment Steps on
Adjusted Mean Vitamin Values

Treatment

Thiamineab
ug/gm

Standard *- Riboflavin*"1
ug/gm
Deviation

Standard4'
Deviation

Unmodified
Initial par
boiled rice

2.20 t

.00

0.65 1

.01

Water soak

1.98 +

.07

0.55 1

.02

Cooked

1.20 1

.26

0.46 +

.03

Canned

0.12 !

.02

0.111

.03

Acetaldehyde
' SteFT

1.88 +

.07

0.631

.03

Step 2

1.78 1

.07

0.59 +

.01

Step 3

1.031

.17

.052 +

.02

Cooked

0.761

.05

0.481

.01

Canned

0.191

.03

0.361

.04

SIMP
Step 1

0.451

.02

0.401

.01

Step 2

0.201

.01

0.38 +

.01

Step 3

0.191

.02

0.32 +

,00

Step 4

0.221

.01

0.341

.01

Cooked

o.nl

.02

0.281

.03

0.231

.03

al
b.
c.

.02
0.031
Canned
All values based on dry weight
Adjusted for percent solids loss
Standard deviation based on eight samples
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reduction after canning which was probably related to its water
solubility.
Acetaldehyde modification caused a 53% reduction in the
thiamine content of the parboiled rice; however, there was only a
20% reduction in riboflavin following the cross-linking procedure.
With regard to heat treatment, the modified rice still contained
55% of its original riboflavin content after canning.
In Table 5, the SIMP modification process caused rapid
thiamine loss due to the alkaline conditions necessary for crosslinking the rice starch.

The rice contained 20% of its original

thiamine after the first step in the modification procedure but
only 5% after the cross-linking steps were completed.

After canning

this modified rice contained only 1.3% of the thiamine that was
originally present in the raw parboiled rice.

Although the degree

of riboflavin retention was better, it, too, was unstable under
alkaline conditions.

The first step of the SIMP modification

process reduced riboflavin content by 38%, and upon completion of
the cross-linking steps, reduction of riboflavin increased to 48%.
The adjusted mean mineral values are presented in Table 6.
The data revealed noticeable gains in certain minerals during some
of the treatments.

These increases might possibly be explained by

minerals present in the distilled water migrating into the rice
grain.

In general, the mineral content decreased with the pro

gression of modification steps and heat processing.
The mineral content of the raw parboiled rice is presented in
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Table 6.

Cooking and canning treatments on the unmodified rice caused

reductions of 12.9 and 48.1% respectively for calcium; while phos
phorus was reduced by 16.6 and 44% respectively.

Potassium results

were similar to phosphorus, but magnesium showed major reductions
of 93 and 91.4% for the cooked and canned products.

After cooking

and canning, the unmodified rice showed iron reduction of 36 and
71% respectively.
Acetaldehyde cross-linking steps resulted in reduction of
calcium, 70%; phosphorus, 40%; potassium, 79%; and iron, 71%.
However, the modified rice did not have any further mineral reduc
tions after cooking and canning.
SIMP cross-linking produced similar data with reductions of
calcium, 70%; phosphorus, 23%; potassium, 72%; magnesium, 95%; and
iron, 7% after completion of the modification steps.

Cooking and

canning treatments also caused substantial mineral losses.

Actual Nutrients Present
The processor, the consumer, and the Food and Drug Adminis
tration will be concerned only with the actual amounts of the
nutrients present in the modified rice.

Canning, in most cases, is

not detrimental to the nutrients that might migrate from the rice
into the canning liquor since this liquor is consumed in products
such as soups and stews.

Therefore, the nutrients present in the

modified rice, whether leached or not, will still be available in
the canned product.

Table 6
Effects of Various Treatment Steps on
Adjusted Mean Mineral Values
Treatment
Unmodified
Initial par
boiled rice

%

Caafc"%

-■ 4 xab

% Mg*3- Fe (ppm) at>

0.054

0.150

0.129

0.187

50.0

Water soak

0.075

0.131

0.089

0.189

77.7

Cooked

0.047

0.125

0.080

0.013

32.1

Canned

0.028

0.084

0.050

0.016

14.5

Acetaldehyde
Step 1

0.049

0.120

0.049

0.009

68.2

Step 2

0.035

0.101

0.021

0.007

57.2

Step 3

0.016

0.089

0.027

0.004

14.4

Cooked

0.018

0.100

0.012

0.005

28.2

Canned

0.014

0.091

0.010

0.004

25.0

SIMP
Step 1

0.057

0.124

0.113

0.015

69.1

Step 2

0.031

0.189

0.110

0.010

49.8

Step 3

0.011

0.139

0.060

0.008

47.3

Step 4

0.016

0.115

0.036

0.009

46.4

Cooked

0.005

0.084

0.016

0.024

25.6

Canned

0.009

0.043

0.007

0.007

40.3

C
a.
b.

All values based on dry weight
Adjusted for percent solids loss
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Tables 7 through 9 present the actual amounts of the
nutrients present in the rice after undergoing the various treat
ments.

The mean protein values, as shown in Table 7, indicate

that the level of protein increased as the treatment steps pro
gressed.

Initial parboiled rice contained 6,43% protein; however,

the solids loss from the unmodified rice led to an increase in
the protein levels after water soaking, cooking and canning
treatments were performed.
Cross-linking with acetaldehyde under acidic conditions
brought about a 1.8% protein increase above the original par
boiled rice and canning produced a 6.5% increase.
SIMP-mod: :’led rice showed a protein content of 5.98%, which
was approximately a 7% loss of the initial protein in the original
parboiled rice sample.

The canning process produced an even lower

protein value with the mean reported at 5.5%.
Mean thiamine and riboflavin values for the various treat
ments are shown in Table 8.

Raw parboiled rice samples contained

2.2 ug of thiamine, and 0.65 ug of riboflavin per gram of rice.
After canning, thiamine content decreased considerably to 0.19
ug/g, a 91% reduction.

The riboflavin content of the unmodified

rice sample was less affected, retaining 23% after canning.
The thiamine and riboflavin levels initially present in the
raw sample were reduced 5.14 and 16.9% respectively after acetalde
hyde modification.

Canning further reduced initial levels of

Table 7
Effects of Various Treatment Steps on
Actual Mean Protein Values

Treatment

% Protein8

Standard Deviation^

Unmodified
Initian par
boiled rice

6.43 t

.07

Water soak

7.10 +

.14

Cooked

6.97 ±

.10

Canned

6.58 t

.23

Acetaldehyde
Step 1

7.04 t

.08

Step 2

6.98 t

.08

Step 3

6.55 +

.13

Cooked

6.77 *

.08

Canned

6.85 +

.33

SIMP
Step 1

6.41 !

.03

Step 2

6.27 !

.14

Step 3

6.24 !

.10

Step 4

5.98 !

.22

Cooked

6.08!

.15

Canned

5.67 !

.25

a.
b.

All values based on dry weight
Standard deviation based on eight samples
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Table 8
Effects of Various Treatment Steps on
Actual Mean Vitamin Values

Treatment

Thiaminea
ug/gm

Standard^
Deviation

Riboflavina
ug/gm

Standard^5
Deviation

Unmodified
Initial par
boiled rice

2.20 t

.00

o.65

Water soak

2.05 t

.07

0.57 +

.02

Cooked

1.30 t

.28

0.50

+

.03

Canned

0.19 t

.21

0.15 +

.06

Acetaldehyde
Step 1

1.95 t

.07

0.66 +

.03

Step 2

1.85 t

.07

0.61 +

.01

Step 3

1.07 t

.18

0.54

Cooked

0.80 !

.06

0.50

Canned

0.21 t

.04

0.39

STMP
Step 1

0.45 *

.01

0.41

Step 2

0.21 t

.01

0.39 +

.01

Step 3

0.19 i

.02

0.33

+

.00

Step 4

0.22 t

.01

0.35

Cooked

0.12 !

.02

0.30 +

Canned

0.03 t

.02

0.24

a. All values based on dry weight
b. Standard deviation based on eight samples
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+

+
+
+

+

+

+

.01

.02
.01
.04

.01

.01
.03
.04

38

thiamine 90.4% and riboflavin 40.0%.

The greater retention of

riboflavin indicated its heat stability.
Parboiled rice cross-linked under alkaline conditions using
SIMP contained 0.22 ug/g of thiamine and 0.35 ug/g of riboflavin.
These quantities reflect a 90% thiamine and 47% riboflavin reduc
tion.

After canning, the STMP-modified rice contained only 1.3%

thiamine and 37% riboflavin of the initial levels present in the
raw sample.
Actual mean mineral value as presented in Table 9 indicated
that after migration of minerals during canning, unmodified rice
retained approximately 50% of the original mineral content.
Reductions of calcium, 68.5%; phosphorus, 38%; potassium, 78%;
magnesium, 77%; and iron, 70%, occurred in rice starch modifica
tion with acetaldehyde under acidic conditons.

After canning, the

potassium level indicated the greatest mineral reduction with a
decrease of 92.2%.
In SIMP modification, mineral reductions were found to be
calcium, 69%; phosphorus, 22%; potassium, 71%; magnesium, 50%; and
iron, 5%.

Following canning, data indicated losses for calcium to

be 83%; phosphorus, 69%; potassium, 94.6%; magnesium, 61%; and
iron, 15%.

Comparison of Modifications
Rutledge (42) and Scott (43) indicated that cracking and frac
turing in the modified rice grains could be minimized by cooking the

Table 9
Effects of Various Treatment Steps on
Actual Mean Mineral Values

Treatment

% Caa

% P3

% Ka

% Mga

Unmodified
Initial Par
boiled rice

0.054

1.150

0.129

0.018

50.0

Water soak

0.091

0.136

0.092

0.019

80.5

Cooked

0.050

0.135

0.086

0.014

34.5

Canned

0.039

0.116

0.069

0.022

20.0

acetaldehyde
Step 1

0.051

0.125

0.050

0.010

70.5

Step 2

0.035

0.105

0.021

0.007

59.0

Step 3

0.017

0.093

0.028

0.004

15.0

Cooked

0.019

0.105

0.012

0.005

29.5

Canned

0.015

0.098

0.010

0.004

27.0

SIMP
Step 1

0.058

0.125

0.113

0.015

69.5

Step 2

0.031

0.190

0.111

0.010

50.0

Step 3

0.011

0.140

0.060

0.008

47.5

Step 4

0.017

0.118

0.037

0.009

47.5

Cooked

0.006

0.088

0.017

0.004

27.0

Canned

0.009

0.046

0.007

0.007

42.5

a.

All values based on dry weight
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rice prior to drying.

In order for the manufacturer to provide

processors and consumers with the best modified rice product, he
will undoubtedly proceed with a cooking step after completion of
the rice modification.

For this reason, this comparison study

dealt only with the cooked and canned products.
Mean percentages for solids loss of cooked and canned products
are found in Figure 1.

Although the differences in solids loss of

unmodified versus modified rice were similar following cooking,
modified samples showed considerably less solids loss after canning.
Solids losses were 4 times greater in the unmodified rice when com
pared with either acetaldehyde or SIMP modification.

These data

were similar to that reported by Rutledge (42) and Scott (43), and
showed a definite advantage in cross-linking parboiled rice to
improve canning stability.
As presented in Figure 2, mean protein values were compared
and indicated that after cooking, STMP-modified rice samples showed
a lower protein level than either the unmodified or acetaldehydemodified product.

Canning caused a slight decrease in percent

protein except for the acetaldehyde which increased almost 0.1%.
Overall, the protein values were higher in the canned samples than
in the original parboiled rice due to the solids loss which caused
a concentration effect.

Protein reduction occurred only in the

STMP-modified sample due to the alkaline condition necessary for
modification of the rice starch.

The sodium hydroxide, used in

Figure 1. Mean solids loss for various processes

Unmodified

Percent

Solids

Loss

Acetaldehyde

Cooked

41

Canned

Figure 2. Mean protein values for various processes

Unmodified
r£] Acetaldehyde
STMP

a

;0>

Cooked

42

Canned

Figure 3. Mean thiamine values for various processes

Unmodified
PHI Acetaldehyde

2.0 .
1.8 .

Cooked

43

Canned
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the SIMP method, is an excellent extractant of protein as reported
by Cagampang (7).
As can be seen in Figure 3, mean thiamine values were com
pared and indicated not only water solubility of the vitamin but
also the high degree of instability to heat and alkali.

Unmodified

rice contained 1.6 times the amount of thiamine as the acetaldehyde
product, and approximately 11 times as much as the SIMP product.
After canning, the acetaldehyde product contained only 36% of the
original thiamine; however, this level was still 7 times greater
than the SIMP-modified rice.

With respect to thiamine, the SIMP

or alkaline conditions for cross-linking were unacceptable; how
ever, other advantages of the modification processes such as
canning stability outweigh this fact.
In Figure 4 mean riboflavin values for various processes are
presented.

Cooked products showed favorable retention results

except for the SIMP product which retained only 46% of the ribo
flavin.

This reduced level is an indication of the instability

of the vitamin under alkaline conditions.

After canning, modified

rice products were considerably higher in riboflavin than the
unmodified rice, a condition which possibly indicates an entrap
ment of the vitamin resulting from the cross-linked starch.

As

shown in Figure 4, there was only a 20 to 22% reduction of ribo
flavin in the modified rice, while unmodified rice underwent a
70% reduction.

These results indicated that riboflavin content

was 2.6 times greater in the acetaldehyde-modified samples than

Figure 4. Mean riboflavin values for various processes

Unmodified
Acetaldehyde

1.0
SIMP

Per Gram

Riboflavin

0.9.

0. 8 .
0.7.

0. 6 .
0.5.
0.4 .

g

0.3.

0.2 .

0.1 .
0
Cooked
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Canned
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in the modified rice samples.
Another factor which may also have contributed to the rela
tively low vitamin levels after modification was the distribution
of the thiamine and riboflavin within the parboiled rice grain.
Simpson (44) reported that both of these vitamins were concen
trated near the surface of the rice grain.

Since both vitamins

are water soluble, migration of the vitamins into the soaking media
would appear likely.
Results of the mineral comparison are shown in the series
of Figures 5-9.

In general, these indicate that the unmodified

rice samples retained the greatest mineral content after canning
and cooking.

Levels of retained minerals in acetaldehyde modifica

tion were shown to be much greater than in STMP modification.
Significant effects on potassium due to modification procedures
are indicated in Figure 7, and show that initial levels in the raw
rice were reduced 86% with the acetaldehyde treatment, and 94%
with the SIMP treatment.
A full understanding of the lower residual mineral content
of modified rice samples has not been elucidated except for the
rice sample soaking time which may be an important factor.

Distri

bution of the minerals in parboiled rice tends to be more central
ized within the grain, and this effect is a direct result of the
parboiling process.

Retention of minerals in unmodified parboiled

rice samples was much greater because of the lack of soaking steps
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before cooking or canning; therefore, migration of the minerals
toward the exterior of the rice grain only occurs during the cook
ing or canning.

In contrast, acetaldehyde modification involved

a soaking period of approximately 1 hour before it was cooked or
canned, and SIMP modification involved a soaking period of approxi
mately 2 - 2-1/2 hours, depending on the amount of time required
for neutralization.

Further investigation along these lines

would be necessary to give a better insight into this phenomonen.
In general, the acidic modification results indicated a
higher nutritional profile than the alkaline modification.

Solids

loss was slightly higher; but protein, thiamine, riboflavin and
in the majority of cases, mineral contents were greater with
acetaldehyde modification.

Another important factor to be con

sidered is the shorter processing time of acetaldehyde modifica
tion, with as much as one hour being reduced.

Figure 5. Mean calcium values for various processes

Unmodified
Acetaldehyde

0.10
SIMP
0.09

Percent

Calcium

0.08 '
0.07 *
0.06
0.05 0.04 .
0.03 -

0 .0 2

*

0.01
0
Cooked

48

Canned

Figure 6. Mean phosphorus values for various processes

Unmodified
Acetaldehyde

0 .2 0

•

SIMP
0.18 ■

I
I
I

&

0.04 *

0.02

‘

Cooked

49

Canned

Figure 7. Mean potassium values for various processes

Unmodified
ftffl Acetaldehyde
SIMP

Percent

Potassium

0.09.

0. 01 .

Cooked

50

Canned

Figure 8. Mean magnesium values for various processes

Unmodified
Acetaldehyde
0.050SIMP
0.045-

Percent

Magnesium

0.0400.035*
0.0300.025*

0. 0200.015*

0.010*
0.005'
0
Cooked

51

Canned

Figure 9. Mean iron values for various processes

1$$ Unmodified
Acetaldehyde

100 -

Iron

9080.

Parts

Per Million

70.
60.

50.
4030-

20.
10Q
Cooked
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Canned

SUNWARY
Heat treatments and soaking steps increased losses in all
rice samples.

These solids losses caused a concentration effect

with regard to the nutrients present in the parboiled rice.

After

adjusting samples to original weights, all samples underwent
nutrient losses with the exception of protein in the acetaldehyde
modified rice.

STMP samples had the greatest reductions, but

this phenomonen was expected due to the general effect of alkali
on most nutrients.
Unmodified rice maintained its integrity during cooking
treatments, but disintegrated during canning.

As a result of

this breakdown the nutrients present in the rice were readily
leached from the grain.

In the majority of cases, modified

products had better nutritional profiles than unmodified products.
However, acetaldehyde modification was superior to STMP modifica
tion regarding nutrient retention.

After cooking and canning,

acetaldehyde-modified rice contained 6.7 and 6.8% protein re
spectively, compared to 6.1 and 5.7% protein for the STMP-modified
rice.
Thiamine content was 7 times greater after cooking or
canning, using the acidic method, in comparison to the alkaline
method for cross-linking rice starch.

After cooking or canning

the acidic method was found to contain 1.6 times greater riboflavin
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levels than the alkaline method.
After cooking, mineral contents of acetaldehyde-modified
products were greater than SIMP products with the exception of
potassium, whereas after canning, mineral contents of acetaldehyde
modified products continued to be greater than SIMP products with
the exception of magnesium and iron.
After this nutritional analysis, the feasibility of marketing
a modified rice product is still viable.

The ability of the rice

grain to withstand overcooking during heat processing is readily
apparent as seen in solids loss reduction.

Protein, thiamine, and

riboflavin contents of canned modified rice are greater than canned
unmodified rice.
Overall, acetaldehyde-modified rice would be more desirable
for a cooked or canned product than unmodified parboiled rice* or
STMP-modified parboiled rice.
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